In Italy the prevalence of recent HIV infection (RHI) isn't currently monitored. Early diagnosis is crucial to allow introduction of antiretroviral therapy (cART) in the recent phase of infection. We aimed to estimate the proportion and the determinants of RHI among patients enrolled in the ICONA cohort; we explored differences in the median time from HIV diagnosis to cART initiation and in the viro-immunological response between RHI and Less Recent HIV infections (NRHI). We included antiretroviral-naïve HIV-positive patients enrolled in the cohort with documented dates of HIV-negative and positive antibodies tests, grouped in RHI (estimated date of seroconversion within 12 months of enrolment) and NRHI. Proportion of RHI and the trend of this proportion by calendar period (1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012)(2013)(2014) were investigated (Chisquare test). Logistic regression analysis was employed to identify factors associated with RHI. The time from seroconversion to cART initiation was compared in RHI and NRHI overall and after stratification by calendar period (survival analysis). We finally explored the time from starting cART to HIV-RNA <50 copies/mL and to CD4+ gain !200 cells/mmc by Cox regression. HIV seroconversion could be estimated for 2608/12,616 patients: 981/2608 (37.6%) were RHI. Proportion of RHI increased in recent calendar periods and was associated with younger age, baseline higher HIV-RNA and CD4+ count. There wasn't difference in the 2-year estimates of cART start between RHI and NRHI, regardless of calendar period. Rates and hazards of virological response were similar in RHI versus NRHI. RHI showed a 1.5-fold higher probability of CD4+ gain, also following adjustment for calendar period and cART regimen, and for age, HCV and smoking; the difference in probability was however attenuated after further controlling for baseline HIV-RNA and CD4+ T-cells. The increased PLOS ONE | https://doi.org/10.1371/journal.pone
Introduction
Recent HIV Infection (RHI) is defined by a negative HIV antibody test within 6/12 months of diagnosis [1] [2] [3] . Recently the CASCADE collaboration published the largest study of seroconverters cohorts from 25 countries to estimate the rates of immunological decline and survival in HIV-positive patients; they found that mean age at seroconversion was 31.1 years for 16373 patients and 6947 started cART. Lower CD4+ counts at seroconversion and higher mortality rates were reported in HIV-positive patients infected at an older age [4] . Early diagnosis is crucial to insure benefit for the individual due to early access to care and cART, especially now that immediate treatment is recommended for all patients, and to reduce HIV transmission at population level [5] [6] [7] . Two recent studies have demonstrated the health benefits of an early initiation of cART for asymptomatic HIV-infected patients with high CD4+ counts: when cART was immediately started instead of waiting until CD4+ count was <350 cells/mmc, there was a reduction of over 40% in the risk of death or AIDS defining disease [6, 8] . In particular, early treatment leads to better immune recovery [9, 10] , HIV reservoir decline [11, 12] and reduction of new infections, considering the high rate of transmissions during RHI [2, 3, 13] . In Italy new HIV diagnoses are reported to the Healthcare System; public health surveillance captures new diagnoses irrespective of time of HIV infection. Given the lack of current monitoring of RHI prevalence in Italy, we aimed to use the ICONA Foundation Study cohort to estimate the proportion and determinants of HIV infections diagnosed during the recent phase over the period 1996 to 2014; RHI was defined as having an estimated date of seroconversion within 12 months from the date of enrolment in the cohort. We also explored the differences in the time from seroconversion to cART initiation and in viro-immunological response under treatment between RHI and less recent infections (non RHI, NRHI).
Materials and methods
We conducted an observational retrospective longitudinal study over 1996-2014. We included untreated HIV-positive patients with documented dates of HIV-negative and positive antibodies tests enrolled in the ICONA Foundation Study cohort. The Icona Foundation Study cohort is an observational multicentre cohort that enrolls HIV-infected individuals who are antiretroviral-naïve at the time of enrolment. A detailed description of the cohort is reported elsewhere [14] . Patients are voluntary enrolled by physicians at the different centres in Italy participating in ICONA Study after signing an informed consent. This cohort was set up in January 1997 and currently includes data on patients enrolled at 51 infectious disease units in Italy.
Participants' date of HIV seroconversion was estimated as the midpoint between the last available HIV-negative and the first available HIV-positive test. People with such a date recorded within 1 year (since the last negative HIV serological test) were defined as RHI, according to current definition [2] . The proportion of RHI was calculated for the following calendar periods: 1996-2000, 2001-2006, 2007-2009, 2010-2014 . Because the rate of enrolment in the cohort has been varying over time, the group period classification was based on the quantile of the distribution of enrolments in the cohort in order to have similar denominators in each calendar period.
AIDS defining conditions were diagnosed according to CDC revised classification system in 1993 [15] . Patients with hepatitis co-infection were defined as HCV Ab or HBsAg positive subjects. The proportion of RHI at entry in the cohort and the trend of this proportion by calendar period of enrolment were investigated using a Chi-square test. Univariable and multivariable logistic regression analysis was employed to identify factors associated with RHI. All the variables associated with the outcome with a p value <0.01 in the univariable analysis were selected for inclusion in the multivariable model; we thus included the following factors in the multivariable analysis: calendar period of seroconversion, gender, age, mode of HIV transmission, AIDS diagnosis, CD4+ T-cells and HIV-RNA (measured at enrolment), HCV co-infection, site geographical position, employment status, smoking and blood glucose. Survival analysis techniques were used to compare the time from seroconversion to cART initiation in RHI and NRHI, overall and after stratification by calendar period of enrolment (Kaplan-Meier method with log-rank test). We investigated the proportion of patients achieving a HIV-RNA 500 copies/mL at 6 months (time window +3; +9 months) from the date of starting cART, stratified by RHI status and calendar period (missing values of HIV-RNA were excluded from the analysis). We have chosen the threshold of 500 copies/mL, instead of 50 copies/mL, because this was the lower limit of detection of the assay used at the sites in the early calendar periods. We finally explored the determinants of probability of virological success (time from cART start to confirmed HIV-RNA <50 copies/mL) and of CD4+ count recovery (time from cART start to CD4+ gain !200 cells/mmc) by univariable and multivariable Cox regression models. We also performed a sensitivity analysis to explore the probability of immunological recovery according to another definition: CD4+ gain of 200 cells/mmc or reaching a single CD4+ count >350 cells/mmc, which ever came first.
The study was approved by the Ethical Committee of all the Centers participating to the ICONA Foundation Study (see acknowledgments and Ethics Statement for the full name of the ethics committees that approved the study). All patients signed written informed consent. Statistical analyses were performed using SAS software package (SAS Institute).
Results

Proportion of Recent HIV Infections in the ICONA Foundation Study cohort
Between 1996 and 2014 the date of HIV seroconversion could be estimated for 2608/12616 patients. Overall, 981/2608 (37.6%) patients were defined as RHI, with a trend for an increased proportion in latest years: from 213/578 (36.9%) in 1996-2000 up to 526/927 (56.7%) in more recent years (2010-2014; p<0.001) (Fig 1) . Table 1 shows the characteristics of the study population stratified by RHI status. RHI patients were younger than NRHI subjects (median age was 34, IQR 28-40 years in RHI and 36, IQR 31-42 in NRHI, p<0.001); proportion of females and risk factors for HIV transmission were similar between the two groups of patients. RHI patients also presented higher CD4 + T cells count in comparison with NRHI (CD4+ counts, cells/mmc: 493, IQR 336-667 in RHI and 452, IQR 289-632 in NRHI, p<0.001) ( Table 1 ). Median time from the estimated date of seroconversion to entry in the cohort was 6 (IQR 4-9) in RHI and 27 (IQR 18-45) in NRHI (p<0.001).
As regards the characteristics of patients enrolled in the study stratified by calendar period, in 2010-2014 patients with a known date of seroconversion presented a median age of 33 years (IQR: 27-40), median CD4+ count was 479 cells/mmc (IQR: 331-629) and HIV-RNA 4.65 log 10 copies/mL (IQR: 4.11-5.16). With more recent years, we observed a reduction of females, AIDS presenters, hepatitis B and C co-infected patients and intravenous drug users (IDUs), but a sharp increase in men who have sex with men (MSM) and in people from northern Italy. Higher baseline HIV-RNA has also been reported in more recent calendar periods. Conversely, no difference in age and CD4+ count at enrolment was displayed ( Table 2 ).
Factors associated with Recent HIV Infections in Italy over 1996-2014
Factors associated with RHI by fitting a multivariable logistic regression analysis were younger age at HIV diagnosis, higher baseline CD4+ T-cells and HIV-RNA. More recent calendar period (2010-2014) was also associated with a 12-fold higher probability of RHI versus 1996-2000 ( Table 3 ).
Estimates of cART initiation and of viro-immunological success in Recent and Less Recent HIV Infections
Among all patients included in the analysis, 49% of participants started cART by 3 months from seroconversion with no differences over time: 47.1% in 1996-2000, 49.4% in 2010-2014 (Table 2 ). There was also no difference in the 2-year cumulative probability of cART initiation between RHI and NRHI, regardless of calendar period (74.2% in RHI, 74.1% in NRHI, p = 0.73). The reasons for non cART initiation in the study population were the following: an HIV diagnosis within 6 months of enrolment (58%), no indication for cART (25% which is likely to be CD4+ count and guidelines driven), first access to care (13%), patients' choice (2%), physician's choice (2%) and other/unknown (1%). The proportion of patients achieving a HIV-RNA 500 copies/mL at 6 months from the date of starting cART was similar in RHI and NRHI and stratifying by time periods (2008) (2009) : RHI 100%, NRHI 96%; 2010-2014: RHI 97%, NRHI 97%) ( Table 4) .
Rates and hazards of virological success from fitting a Cox regression analysis were also similar in RHI (9.4 events/person-years of follow-up, PYFU 95%CI 8.15-10.84) versus NRHI (9.87 events/PYFU, 95%CI 8.93-10.91; HR 0.91 of RHI versus NRHI, 95%CI 0.76-1.09).
The Kaplan Meier estimates of immune recovery showed a higher probability for RHI compared to NRHI (log-rank test, p = 0.0007) (Fig 2) .
In the Cox regression analysis, in fact, RHI showed a 1.5-fold higher probability of CD4+ gain !200 cells/mmc (RHI: 6.85 events/PYFU, 95%CI 5.79-8.1; NRHI: 5.79 events/PYFU, 95%CI 5.09-6.6; HR 1.46 versus NRHI, 95%CI 1.18-1.81), also following adjustment for calendar period and type of antiretroviral regimen started (adjusted HR 1.33, 95%CI 1.05-1.69) and for age, HCV co-infection and smoking (adjusted HR 1.44, 95%CI 1.09-1.9); the difference in probability was however largely attenuated after further controlling for baseline HIV-RNA and CD4+ count (adjusted HR 1.23, 95%CI 0.98-1.54). The results were similar also exploring the probability of immunological recovery according the second definition (CD4+ gain of 200 cells/mmc or reaching a single CD4+ count >350 cells/mmc, which ever came first): RHI, in comparison with NRHI, presented a higher probability of CD4+ gain by fitting Kaplan Meier curves (log-rank test p = 0.001) and Cox regression analysis (HR 1.26 versus NRHI, 95%CI 1.08-1.47), but the difference between RHI and NRHI was not confirmed after adjustment for calendar period, type of antiretroviral regimen, age, HCV coinfection, baseline HIV-RNA and CD4+ T cells count (adjusted HR 0.98 versus NRHI, 95%CI 0.74-1.31). 
Discussion
Trough the analysis of the data of untreated HIV-positive patients enrolled in an Italian cohort with documented dates of HIV-negative and positive serological tests, we tried to bridge the gap of lack of monitoring regarding the recent HIV infections. The knowledge of proportion and epidemiological features of new HIV infections is in fact essential in order to address screening services and try to control HIV epidemics. HIV test is the first step of the prevention interventions; in spite of the increased numbers of persons at risk of having HIV infection that are tested, still an unacceptable high proportion is not screened annually [16] . Since the awareness of HIV infection allows linkage to care, access to cART and virological suppression, with a reduced probability of HIV transmission, prevention measures are crucial to the reduction of HIV-related morbidity and mortality [17] [18] [19] . Among people in the ICONA cohort for whom the date of seroconversion could be accurately estimated, we hereby describe a significant trend for an increased proportion of RHI over time (57% in 2010-2014). This could be related to the increase in prevalence of MSM in Recent HIV infections in the Italian Cohort of Antiretroviral naïve HIV-infected patients recent years as well as an increase in self-awareness of risky behavior in this specific patient group [20, 21] . In our study we found no difference in mode of HIV transmission between RHI and NRHI; conversely, from 1996-2000 to most recent periods there was a decline in the proportion of IDUs and a significant increase in MSM (from 32% to 71%) in agreement with Italian data of the "Istituto Superiore di Sanità" and data of European Centre for Disease Prevention and Control (ECDC) about new HIV infections; the last report in fact described that in Italy the majority of new HIV infections were sexually acquired with 44.9% in heterosexuals and 40.6% in homosexuals [22, 23] . MSM are still vulnerable to HIV infection, as documented by the persistence of high prevalence of infection in this group, despite an overall decline of new infections in the general population [21, 24] . Data from the US Center of Disease Control and Prevention (CDC) report that 54% of estimated HIV diagnoses in United States in 2014 are in MSM, even if they represent only the 2% of the population [25] . A previous Italian study reported an increased risk of HIV seroconversion in younger MSM throughout the study period (1984-2010) [26] ; similar data were confirmed in other European studies with a double risk of HIV in MSM aging 20-29 years from 2003 to 2012 [27, 28] . Our results are in keeping with the results from other European studies: the prevalence of recent infections varied from 7 to 47% due to differences in the prevalence of HIV infection in European countries, the analyzed study period and the definition of recent infection. All the other European studies described a shift in HIV risk from IDUs to sexual transmission in most recent years [29] [30] [31] .
Policies of HIV prevention have changed over recent years acquiring new effective tools and targeting groups at risk in areas most affected by HIV epidemics. Our finding of an increased proportion of RHI might also reflect an increase of rate of HIV testing as a result of the introduction and implementation of 'test and treat' policies [32] . Currently, however, prevention services need to be monitored to identify weak areas to be improved. In fact, according to the last ECDC reports about HIV infection in the European Union, prevention interventions are still not enough to reduce the number of new HIV infections; in comparison with the UNAIDS 90:90:90 target, 15-17% of people living with HIV in Europe are estimated to have not yet been diagnosed, and among people diagnosed with HIV, nearly half are diagnosed late. Furthermore, 17% of people diagnosed with HIV are still not on treatment and the proportion of patients receving cART that are virally suppressed is around 51-95% [23] .
By 3 months from seroconversion cART was started in half of the patients without significant differences between RHI and NRHI, but this analysis was performed before the results of the START trial became public [6] .
The benefits of early treatment are now well recognized [33] : the 5-year risk of clinical progression is 3.2% in people starting cART immediately versus 7% in those deferring [34] . Rapid cART initiation is known to confer a significantly enhanced 2 year probability of immunological recovery, independently from baseline CD4+ count, and minimized HIV-associated inflammation [9] . These benefits translate in a reduced clinical progression in previous cohort studies [10, 11] . Similarly, retrospective studies have shown that long pretreatment waiting time in HIV-positive patients is associated with a higher risk of reduced cART adherence and subsequent higher mortality [35] . As previously demonstrated by HPTN052 trial, besides reducing AIDS and non AIDS related diseases, early cART initiation is also associated with a reduction of 96% in HIV transmission [18, 36] . Similarly, during a median follow-up of 1.3 years no cases of HIV transmission have been reported among serodifferent couples when the HIV-positive partner was under virally suppressive cART [18] . Our study reports data from 1996 to 2014; in the previous periods Italian guidelines suggested starting cART with a CD4 + count below 200 cells/mmc and then 350 cells/mmc. Most recent guidelines recommend that cART is offered to all HIV-positive patients, irrespective of CD4+ counts, also in order to reduce risk of transmission. Thus, in agreement with the UNAIDS 90:90:90 target [37] , a reduction in HIV transmission is foreseeable that reflects the increasing number of HIV-positive patients on successful treatment.
Despite these data on clinical and immunologic advantages of treatment in the recent or acute phase [10, 11, 38] , in our cohort we found similar rates of immune-virological response in RHI and NRHI; reasons are unclear, but it is possible that in the era of modern cART with highly effective and tolerated regimens differences are attenuated. Researchers of the Swiss HIV cohort showed that a substantial fraction of HIV transmissions can be attributed to recently infected patients, for whom the preventive effect of treatment is weaker, due to underdiagnosis and lack of patient's awareness of their seropositive status [3] . Thus, early testing and the use of antiretroviral drugs associated with a rapid viral decay in RHI is crucial to maximize the effect of cART use as prevention and to reduce the risk of HIV transmission.
The main limitation of our analysis is the lack of differentiation between acute HIV and RHI (symptoms of acute infection are not collected in the cohort) and the potential selection bias introduced by including only cohort participants for whom the date of seroconversion could be accurately estimated; however, the increase of prevalence of MSM at enrolment has been also shown in analyses including the whole cohort. Furthermore, not all HIV-infected patients in Italy are enrolled in the ICONA cohort due to the design based upon voluntary enrolment. Finally, our finding of regional differences in the different calendar periods might reflect several changes in the centers participating to ICONA occurred in most recent years. Despite such limitations our data are in line with epidemiological reports by the "Istituto Superiore di Sanità" [22] .
Conclusions
The increased proportion of RHI over time in our cohort suggests that in recent years in Italy people are diagnosed earlier with HIV and more quickly enter care after the diagnosis. National data in fact show that the incidence of new HIV infections remained stable over the study period; nevertheless, efforts to the development and implementation of effective prevention interventions should continue to guarantee broad early cART access, reduce new infections and get closer to the UNAIDS 90-90-90 target.
